Samples IS-02-05, IS-02-06, and IS-02-08 represent variants of typical "quartz -magnetite" BIF from the northeastern part of the IGB (Fig. DR1 ) (Dymek and Klein, 1988). The latter two primarily consist of mm-scale magnetite and quartz alternations ( 
slit width of 60 m was used together with the largest contrast aperture (400 m) to define the shape of the ion beam admitted to the mass spectrometer. An energy window of 60 eV was used throughout this study and the secondary ion optics were operated in the "circular" mode in order to accommodate the ion beam in the restricted height of the multicollector exit slits (see discussion in Whitehouse, 2004) .
Detector configuration: The detector configuration was selected to accommodate simultaneous Faraday cup measurement of 54 Fe, 56 Fe and 57 Fe in both sulfides and magnetite. Since the latter commonly contain small amounts of Cr, it is necessary to monitor and correct for a possible 54 Cr isobaric interference on 54 Fe using an additional low mass detector to measure 53 Cr; the low 53 Cr signal required an electron multiplier. The actual detector configuration used is shown in Fig. DR3a and comprised a low mass EM (detector designation L2) to measure 53 Cr, an FC ( L1) to measure 54 Fe, an EM (C) positioned on the instrument axis and connected to the secondary ion imaging system to facilitate coarse centering of the beam in the field aperture, an FC (H1) to measure 56 Fe and an FC (H'2) to measure 57 Fe. All Faraday detectors were connected to amplifiers with 10 11 input resistors, housed in an evacuated chamber that was heated slightly above ambient in order to maintain stable levels of background. The EM detector used to measure 53 Cr was connected to a pulse counting system with a noise level < 2 counts per minute and an electronically gated dead time of 60 ns. The EM gain relative to the FC's was adjusted to be within ca. ± 5% of unity. At the relatively low levels of Cr encountered in this study, both gain and dead time corrections on 54 Fe were very small and did not result in significant bias on the Fe-isotope ratio determination.
Interferences and mass resolution:
Aside from the possible isobaric interference of 54 Cr on 54 Fe, the only other significant direct interference is that of 56 Fe 1 H on 57 Fe. In order to separate these species, a high mass resolution requirement of ca. 7500 (M/ M) is required. This is shown in Figure DR3b as a superimposed high mass resolution peak in which the 57 Fe from a mineral (a sufficient Fe signal for this purpose is readily obtained after a few seconds of sputtering and enables centering to be performed before the EM detector saturation count rate is reached). The position of the image was centered using the final deflectors of the primary column (D4_x and D4_y). After this step, the D4 deflectors were kept constant and changes in beam centering resulting from small sample height variations were accommodated using the transfer deflectors (DT1_x and DT1_y) acting on the secondary beam.
Analyses were performed in chain sequences in order to keep conditions as reproducible as possible. Within the automated sequence, each individual analysis consisted of a 120 second presputter over a raster area of 25 x 25 m, during which time the secondary beam was blanked so that the FC detector backgrounds could be measured. At the end of the pre-sputter period, the raster was removed and centering of the beam in the field aperture was performed by scanning the transfer deflectors. This was followed by a mass scan to correct for any long term drift of the secondary magnet field and a scan of the sample high-voltage in order to reproduce the position of the beam in the energy slit and thus minimize any possible sample charging effects (generally these were small, varying by less than ±1 eV within the analytical session, because the target materials were conductors). Finally, data were acquired for either 180 or 240 seconds (this parameter depended on count rate determined prior to starting the automated sequence) using 10 second integrations.
Matrix effects:
Instrumental mass fractionation may result from differences in matrix composition and structure which affects sputtering characteristics for different elements, particularly those of interest for light stable isotopes. In order to assess the possibility that our data might be affected
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by such matrix effects, we undertook post-analytical quantitative SEM-EDS measurements of the analysed magnetite grains adjacent to the point of analysis, as well as analyses of the reference LP-204 magnetite. In the sample magnetite grains, the only trace element detected was Al, which was present at 0.9 wt.% in IS-02-05 grain #2, and at 0.5 wt. % in IS-02-05 grain # 1 and IS-02-08 grain #7, but below detection limit in all other grains. There is no correlation evident between these contents and the 56 Fe values (see Fig. DR7 ), suggesting that they are below a level that will induce significant matrix effects at the precision level of these measurements. Several SEM- would not expect any significant matrix effects to arise from using Mn-bearing LP-204 to standardize Mn-absent magnetite unknowns. In the event that small matrix effects do occur, the homogeneity of LP-204 composition means that these would result in a systematic bias to all analyses but still would be unable to account for the heterogeneity observed in our samples.
Data reduction:
Unknown analyses were interspersed with analyses of the reference magnetite or pyrite (Fig. DR6) (Table DR2) and with a substantial higher internal error (±0.4 ‰ (1 ) compared to < ±0.1 ‰ for all other analyses). Post-analytical examination of the analysis site revealed that the primary ion beam partly overlapped onto an adjacent quartz grain (Fig. DR7c, panel D) . Since emission from the sample spot is unlikely to be entirely homogenous with respect to isotopic fractionation, the entire analysis from such a partially occluded spot will be fractionated to a different degree from a crater that is completely contained in the mineral species of interest. Balmat (Crowe and Vaughan, 1996) was used. Two crystals of each of these potential standards were analysed by solution MC-ICP-MS at the Institute for Mineralogy, University of Hannover using previously described techniques (Schoenberg and von Blanckenburg, 2005) . In addition to the Balmat pyrite, two crystals of pyrite from Isua sample 248474 were also analysed. Individual MC-ICP-MS analyses are presented in Table DR1 .
The LP-204 magnetite crystal that was used during these analyses (designated LP-D) was Table DR3 and shown in Figure DR5b with the averages obtained from each crystal shown as uncertainty bars in Figure 1 (main manuscript). These data reveal some heterogeneity in LP-204 which may introduce a systematic ca. < 0.25 ‰ error in unknown analyses depending on which grain is used for characterization. Within the context of this study, such an uncertainty is acceptable and these data indicate that LP-204 is an appropriate reference material for in situ SIMS studies. In contrast, the magnetite crystals from LS68, while internally relatively homogenous, show a wide inter-grain variation in 56 Fe of >0.8 ‰ which renders them inappropriate as a SIMS reference material.
Similar homogeneity tests were carried out on three grains of the Balmat sulfide A, B and C which were mounted together in an epoxy mount with data reported in Table DR2 . Data were obtained in two analytical sessions, the first of which had a relatively high external precision on 
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The position of each analytical site was documented using reflected light microscopy at 200x magnification following removal of the gold coating. These images are shown in Fig. DR7 . formation. Horizontal arrow indicates displacement of the Fe H peak from the axis; for actual analysis, the H'2 FC detector was moved to high mass by this amount to ensure that measurement 57 was made on the part of the compound low mass resolution peak that is only Fe.
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